Introduction
The genus flavivirus comprises more than 70 RNA virus species that include Yellow fever virus, Dengue virus, Japanese encephalitis virus, and the Tick-borne encephalitis virus complex. Many of these arthropod-borne viruses represent dangerous threats to human health and have been subjected to intensive research to unravel their molecular and virological properties [1] .
Insect-specific flaviviruses (ISFs) are distinct for the inability to be propagated in vertebrate cell lines and lack of vertebrate hosts [2] . ISFs have been recognized as a major phylogenetic group along with mosquito-borne, tick-borne and no-known-vector Objective: To study the genetic diversity of Culex theileri flavivirus and the spread of this virus among Spain, Portugal and Turkey. Methods: A database consisting of 55 sequences of the NS5/3'UTR region of Culex theileri flavivirus group downloaded from GenBank were aligned and manual edited with Bioedit. ModelTest v. 3.7 was used to select the simplest evolutionary model that adequately fitted the sequence data. Maximum likelihood analysis was performed using MEGA7. The phylogenetic signal of the dataset was investigated by the likelihood mapping analysis. Results: The phylogenetic tree showed three clusters. Myanmar sequences clusterd together with Turkish sequences, Spain and Portugal strains grouped together and two Turkish sequences grouped separately. Selective pressure analysis showed a moderate percentage of sites (22.5%) under pervasive negative selection and only 1% under pervasive positive selection. The sites subject to selective pressure in CTFV RdRp NS5 fragments have been located onto the predicted three-dimensional structure. Conclusions: Phylogenetic and evolutionary analysis can be an important tool for understanding the evolutionary impact of the probable contemporary existence between nonpathogenic and pathogenic flaviviruses among these vectors. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. flaviviruses [3] [4] [5] . ISFs share many similar properties with widely known pathogenic arthropod-borne flaviviruses such as dengue virus (DENV), West Nile virus (WNV) and tick-borne encephalitis virus (TBEV). They are enveloped, single-stranded RNA viruses, with a single open reading frame (ORF) that encodes the viral polyprotein, which is then cleaved by viral and host proteases to form three structural (C, preM and E), and seven nonstructural (NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5) proteins [6] . ISFs seem to have a global distribution and have been detected in field-collected mosquitoes from Europe, East Asia, Africa, the American Continent and Australia [2, 7] . The ISFs possess potentially distinct and unique features among flaviviruses, which are likely to have an impact on the circulation of their related vector-borne pathogens. Their widespread distribution without obvious reservoirs or amplification hosts requires exploration of potential mechanisms, such as vertical transmission, contributing to their dispersion [7] [8] [9] . In particular, Culex (Cx.) theileri flavivirus (CTFV) seems to affect the flight activity of Culex mosquitos [10] .
The aim of this study was to investigate the evolutionary patterns of Cx. theileri virus using all the available sequences from National
Center for Biotechnology Information (NCBI). It has performed a phylogenetic analysis including phylogenetic tree and homology model analysis.
Materials and methods

Sequence dataset
A dataset were built based on previous investigations about Cx.
theileri flavivirus species made on the NCBI website, the previous investigation found a clade consisting of 55 sequences of NS5/3' UTR region of Cx. theileri flavivirus which has been selected and downloaded from GenBank (http://www.ncbi.nlm.nih.gov/ genbank/). All the sequences were aligned and manually edited using the Bioedit program v7.2.5, as already described [11] .
Phylogenetic analysis
The phylogenetic signal was investigated by means of the likelihood mapping analysis of 10 000 random quartets by using TreePuzzle program as already described [12] . In this analysis, groups of four randomly chosen sequences (quartets) were evaluated using Maximum Likelihood. For each quartet, the three possible unrooted trees were reconstructed under the selected substitution model. The likelihoods of each tree were then plotted on a triangular surface, so that fully resolved trees fall into the corners and the unresolved quartets in the center of the triangle (indicating a star-like signal).
When using this strategy, if more than 30% of the dots fall into the center of the triangle, the data are considered unreliable for the purposes of phylogenetic inference [12] .
The evolutionary model was chosen, as the best-fitting nucleotide substitution model in accordance with the results of the hierarchical likelihood ratio test implemented in MODELTEST software (version 3.7) [13] . The Maximum Likelihood tree was reconstructed using MEGA7 with Tamura-Nei model as evolutionary model selected by ModelTest [13] [14] [15] .
Adaptive Evolution Server (http://www.datamonkey.org/) was used to find eventual sites of positive or negative selection using FEL (Fixed Effects Likelihood) which uses a maximum-likelihood (ML) approach to infer nonsynoymous (dN) and synonymous (dS) substitution rates on a per-site basis for a given coding alignment and corresponding phylogeny [16] . Sites were considered to have been subjected to statistically significant positive or negative selection based on P value < 0.05 (reference sequence used, accession number: KX652375.1).
Possible spreading ways from Spain, Portugal, Myanmar and
Turkey have been analyzed using the website http://portugalturkey. com/ and http://www.mfa.gov.tr/turkey_myanmar-bilateraleconomicand-commercial-relations.en.mfa. for a better understanding of possible spreading paths of the vector of the virus.
Homology modelling
Sequence alignments and analyses were obtained through the Jalview editor [17] and the programs ClustalO [18] or Muscle [19, 20] .
Structural templates homologous to the sequences studied within this work have been identified with HHpred [20] and SwissModel [21] template search tools. Homology models were built with the program Modeller [22] and validated with QMEAN [23] and Prosa 栻 [24] software tools. Three-dimensional structures were displayed and studied with PyMOL (The PyMOL Molecular Graphics System, Version 2.0 Schroedinger, LLC) or Chimera [25] . Sequence conservation and mapping analysis has been carried out with the Consurf web tool [26] .
Results
Phylogenetic analysis
The percentage of dots falling in the central area of the triangle was 4.6%, the dataset did not show more than 30% of noise and contained sufficient phylogenetic signal ( Figure 1 ).
The phylogenetic tree showed three clusters ( Figure 2 ). The cluster 栺 included 28 strains isolated from Myanmar and Turkey.
Cluster 栻 included only two sequences from Turkey. The cluster 栿 included 25 strains isolated from Spain and Portugal. proteins [27] . To map the structural variability of the variant CTFV RdRp fragments and their sites under selection pressure, homology modelling has been applied. Among the available structural templates, the PDB structure with code 4HDG corresponding to the crystal structure of the RNA-dependent RNA polymerase domain from Japanese encephalitis Virus NS5 in complex with GTP, has been selected. The decision has been taken in consideration of the suitable quality of the structure in terms of resolution (2.38 Å) and R-value (0.276), for the presence of the ligand GTP, and for the high sequence identity to the targets (about 53%). The sequence heterogeneity of the set of CTFV RdRp sample suggested to build models for at least two variants each representing a sequence subgroup ( Figure 3 ). To this purpose, the fragments denoted by the codes HE997074 and KU958176 in Figure 3 have been selected.
Models created from the two fragments do not show significant differences except for conformations of exposed loops ( Figure 5) ;
for that reason, the HE997074 model was used as reference. 
Discussion
Flavivirus have a great impact on human health [28, 29] . Many viruses assigned to the flavivirus genus are exclusively replicated and detected in insects and named ISF and in last years, an increasing number of newly discovered ISFs probably due to the bio surveillance efforts regarding arthropod-borne viruses and new sequencing techniques were observed [30] . 
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